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INTRODUCTION: RATIONALE AND METHODOLOGY FOR CONSISTENT INTERREGIONAL IO TABLES IN EUROPE
Regions matter for economic performance. In practically all countries, regions vary in terms of their economic specialization patterns and hence in their contribution to production and productivity growth (OECD, 2009) . Differences in population density are related to differences in the importance of agricultural activities, while differences in the importance of agglomeration externalities also cause variation in specialization patterns of regions and cities (Combes et al., 2010) . Differences in specialization patterns across regions have implications for the extent to which they are affected by shocks, of various sorts. Autor et al. (2013) show that workers in regions in the United States with a specialization in specific manufacturing industries were more vulnerable for the emergence of China as a giant exporter of manufactured products than workers in other region-sector combinations.
Similar differences were also revealed by Acemoglu and Restrepo (2017) with respect to the vulnerability of workers to the consequences of robotization. Regional-economic resilience analyses of the recent global economic crisis shows a large degree of regional heterogeneity according to specialization patterns and sorting effects (Groot et al., 2011; Fingleton et al., 2012) . Interestingly, analyses of voting patterns in the Brexit referendum and the US Presidential elections also show that regional outcomes correlate strongly with variables related to regional sectoral specialization patterns (Becker et al., 2017; Autor et al., 2017) .
Differences in the regional compositions of economic activities are of course not the only determinant of within-country differences in economic performance. Among many other relevant determinants, variations in supplier-user linkages to industries in other regions also play a role. A region might be seriously affected by an economic downturn in another region if it sells much of its output to that region, while regions less dependent on that region might be hurt to a much lesser extent when in crisis .
These arguments reinforce a longstanding demand for consistent interregional input-output (IO) tables, which contain information on both sectoral specialization, and linkages within and across regions (e.g., Isard, 1953; Hewings and Jensen, 1987) . Such tables could be used for regional economic analyses varying from impact studies (of global or localized economic shocks) to general equilibrium modelling to evaluate alternative policy options. The world has changed since the earliest pleas for such data. The fact that the shares of both final products and intermediate inputs sold
across national borders increased with the emergence of Baldwin's (2006) "second wave of globalization", implies that the effects of supplier-user linkages are no longer restricted to interregional transactions within countries. Incorporating such effects in regional analyses requires global IO-tables in which (at least some neighbouring) countries are spatially disaggregated.
In recent years, researchers have made great strides in constructing global IO tables, by linking data on national production structures (national accounts, supply and use tables and/or IO tables) to data on bilateral trade in goods and services. 1 The construction of such tables with regional detail is still in its infancy, though. Dietzenbacher et al. (2012) included Brazilian regional detail in the World InputOutput Database (WIOD). Cherubini and Los (2012) similarly analyzed four Italian NUTS1 regions. Wang et al. (2017) incorporated regional data for China in Eora's global IO tables, and Meng and Yamano (2017) presented analysis based on spatial disaggregations of China and Japan (in turns, not simultaneously) within the OECD's Trade in Value Added tables. Despite the good quality of data generally available in (countries of) the European Union, there has never been a longitudinal and consistent dataset on trade across EU-regions. Given the hypothesized importance of European national and regional integration for overcoming disadvantages of sectoral and spatial fragmentation, as well as the need for consistent evaluation of a burgeoning number of policy initiatives on cohesion, competitiveness, resilience, growth and smart specialization (McCann, 2015; Bachtler et al., 2013; Foray, 2015; Piattoni & Polverari, 2016) , this absence is remarkable and is felt to full impact.
This paper introduces the EUREGIO database: the first time-series (annual, 2000-2010) of global IO tables with regional detail for the entire large trading bloc of the European Union. The construction of this database, which allows for regional analysis at the level of so-called NUTS2 regions, is presented in detail for its methodology and applications. 2 The tables merge data from WIOD (the 2013 release) with, regional economic accounts, and interregional trade estimates developed by PBL Netherlands Environmental Assessment Agency (PBL/RT, see section 3.2), complemented with survey-based regional input-output data for a limited number of countries. All used data are survey data and only non-behavioral assumptions have been made to estimate the EUREGIO dataset. These two general rules of data construction allow empirical analyses focused on impacts of changes in behavior (of economies, firms, policies) without endogenously having this behavior embedded 1 See, e.g. the contributions to a special issue of Economic Systems Research (Tukker and Dietzenbacher, 2013) , with contributions by the consortia that constructed GTAP-based global IO tables (Andrew and Peters, 2013) , Eora (Lenzen et al., 2013) , EXIOPOL , the World InputOutput Database and IO tables covering South East Asia and its main trading partners (Meng et al., 2013 The construction of the time series of multiregional NUTS2 input-output tables is based on a topdown approach where national accounts in the format of national supply and use tables have been taken as given. A supply and use framework is used rather than an input-output (IO) framework. An input-output framework uses the assumption that every sector produces only one good. There are two types of input-output matrices: product-by-product matrices and sector-by-sector matrices.
Product-by-product input-output matrices are generally constructed around the product classification, and sectors are therefore adjusted or mixed in such a way that only one sector makes only one product. Sector-by-sector input-output matrices are generally constructed around the sector classification, and products are therefore adjusted or mixed in such a way that only one sector makes only one product. This implies that, depending on the type of IO The paper is organized around the successive steps of the data construction. These are outlined below and will be explained in more detail in the remaining sections in the paper.
1. Adjustment of WIOD (section 2). The WIOD international supply and use tables were taken as the starting point of the analysis. The WIOD database (Timmer et al., 2012; 4. We conclude (in section 6) on the usefulness of this type of regional IO tables with an overview of current applications of the EUREGIO database. 4 The only fully consistent database on trade in goods and services at the NUTS2 regional level was constructed by PBL Netherlands Environmental Assessment Agency (Thissen et al., 2013a (Thissen et al., , 2013b (Thissen et al., and 2013c . This database, based on a parameter-free estimation of trade data (Simini et al., 2012) , was the basis for the tailor-made bilateral trade data set used here. 5 A quadratic minimization function is to be preferred over a logarithmic function (often used in entropy minimization, e.g., Thissen and Lofgren, 1998) because of its mathematical properties that reduce computation time significantly.
TRADE MATCHED AND RE-EXPORT CORRECTED INTERNATIONAL SUPPLY AND USE TABLES
Before inter-country trade could be regionalized in the EU/REG/IO database, some adjustments in the WIOD trade data had to be made.
First, in the original WIOD database, exports were not assigned to countries of destination. As a precondition, the total exports in the tables cannot be less than the imports from all other countries after the correction for re-exports. Regarding the errors the following definitions apply:
-Estimated origin of re-exports: ;
-Estimated destination of re-exports: ;
-Origin-destination matrix of re-exports:
where,
, is the probability of the origin i of imports of product p, and , is the probability of the destination j of exports of product p.
The probabilities of origin and destination of re-exports reflect our assumption that re-exports have a similar country pattern as regular trade. That is, important origins (destinations) of a country's imports (exports) are also important origins (destinations) of its re-exports. See Lankhuizen and Thissen (2018) for a further discussion of this assumption. 
REGIONAL INFORMATION TO REGIONALIZE SUPPLY AND USE
TABLES 9
Central in the procedure of constructing EUREGIO is regionalization of the WIOD supply and use framework. The regional supply and use tables are organised according to the standard structure of use and supply tables (see Tables 1 and 2 ). This means that total use in the region equals total regional supply. Also, column totals in the regional supply and use tables are equal because total output of every regional industry equals this industry's total input and value-added. The regionalization of supply and use was achieved as a first estimate using the Commodity Balance (CB) method, first suggested by Isard (1953) . By multiplying the national values of value-added, investment, government demand and consumer demand in WIOD with the respective shares of regions in the national totals, consistent regional values were obtained. This part of the analysis did not involve the estimation of regional trade and the assumption of the same production technologies and consumption patterns was later relaxed using additional regional supply and use information where available. Regional data on value-added, regional investment, government demand and 9 Section 3 and 4 are in part based and elaborates on Appendix A of Thissen et al (2013) , and are used here with permission.
consumer demand (both with regional income as a proxy) are from Eurostat (2014) . The Eurostat data provide information on regional totals, without a distinction between different products. The structure of the national supply and use tables is assumed to give a good approximation for the regional tables. More formally, consumers are assumed to have homogenous preferences throughout the country concerned, homogenous government spending is assumed over the regions, and industries are assumed to use the same production technology, irrespective of their location within the country concerned.
REGIONAL PRODUCTION AND CONSUMPTION
With respect to the supply tables, regional output has been broken down by industries, trade and transport margins and net taxes. First, the data on production were determined per industry as well as the intermediate demand. No information is available on output at the European NUTS2 level.
However, data on value-added (VA) for 14 economic sectors is available from Eurostat. The number of sectors in WIOD have therefore been aggregated accordingly. Table 3 presents the classification for these 14 economic sectors. Regional supply and use tables were constructed using the commodity balance approach where different columns of the tables are proportionally distributed to the regions using regional information on a column total or a proxy for this column total Regional value added was used to distribute the column of industries (output) over the regions. Regional income statistics were used to distribute the demand categories (household demand where x and x were taken together and government demand) over the regions. Gross capital formation is divided into three items: gross fixed capital formation, changes in inventories and changes in valuables. With respect to the gross capital formation regional information on investments is used to regionalize the national total capital formation. Changes in inventories and valuables were constructed using regional value-added as a proxy.
In a similar fashion, this last consideration could also be applied to the two remaining columns in the supply table: trade and transport margins and taxes and subsidies -since their regional variation is also assumed to be proportional to production. All data in the regionalized supply and use tables now are defined, except domestic trade, i.e., trade between regions of the same country.
The PBL trade data set (Thissen et al. 2013b ,c -see section 3.2 in this paper) were used as a first estimate. For example, the use of a product by an industry is allocated to regions in a country according to the intraregional trade of this product that is available in the original PBL trade database. Again, this is only a first proxy for the trade, since this is endogenously determined in the estimation procedure described in the next section after introducing the PBL regional trade dataset in the subsequent subsection.
CONNECTING REGIONAL TABLES: REGIONAL TRADE 10
An important ingredient for the construction of the EUREGIO database set out in this paper, is a unique dataset on regional bilateral trade assembled by PBL (Thissen et al., 2013b (Thissen et al., , 2013c . . For a full understanding of these data in the light of the EUREGIO database, we discuss the elementary ingredients of it in the four steps of its construction.
Trade flows at the country level
First, a consistent international trade matrix of flows in goods and services was created between all 25 European countries and with the rest of the world divided into several blocks 13 . International trade in goods is based on the data collected by Feenstra et al. (2005) . Trade in services is based on
Eurostat trade statistics taken from the balance of payments ). These two sources were the best available for international trade at the time of construction. However, they are not always consistent with the national accounts or the national use and supply tables. Moreover, trade in goods (Feenstra et al., 2005) are based on the 4-digits SITC and therefore require a conversion and an aggregation and corrections for c.i.f./f.o.b. inconsistencies and re-exports had to be done. Trade in services, instead, is divided in only four macro-categories and required a disaggregation.
11 MIDT data includes all tickets booked via Global Distribution Systems. Tickets directly booked with airlines are missing, but only a very small part of the total market in the year 2000. 12 For instance, research on the validity of a gravity model based on data generated by a gravity model will by definition result in the confirmation of the validity of the model. 13 For two out of 25 considered countries (Latvia and Greece), national accounts were not available. Accounts from the year 1998 have therefore been updated using the commonly applied RAS method (or bi-proportional updating method). The necessary row and column sums for the supply and use tables of Latvia and Greece were taken from Eurostat.
Cross-hauling and regional imports and exports
The second step in the construction of the PBL regional trade database concerned estimating regional exports and imports for all distinguished NUTS2 regions in Europe. Regional trade also has to take into account intranational trade, i.e., products sold outside the producing region but within the same country, or consumption by a region of products produced elsewhere in the same country.
These estimates of intranational trade incur in a difficulty when regions simultaneously import and export the same type of goods. As this phenomenon, known as cross-hauling, is empirically relevant, it invalidates regionalization procedure that do not account for it (see Kronenberg, 2009 ).
As we stress the importance of avoiding imposing a structure on trade patterns, particular attention has been dedicated to solving the problem of cross-hauling.
The Krugman trade model (Kruman 1980 (Kruman , 1991 is a convenient international trade model, as it allows for cross-hauling. As Krugman noted in its seminal work in 1980, previous trade models could not explain two-way exchange of differentiated products. We define an approach, then, that bases itself on the Krugman model and guarantees consistency with the national accounts.
The core of the model is built around a Dixit-Stiglitz-Krugman framework, which assumes the different varieties of a good are not identical (perfectly substitutable). Consumers have in fact a preference for consuming many varieties of a good ( 'love for variety'), a feature that is used to explain why a location would simultaneously export and import the same type of good . A CES demand function (constant elasticity of substitution) with iceberg transport costs (originally from Samuelson 1954 , but included in several trade models including Krugman 1991) determines demand intensity from different locations. . As we want to avoid imposing model assumptions on the definition of trade patterns, we only use a two-region variant of the Krugman model to determine the size of cross-hauling in every region. not to determine trade patterns.
The two-region model we propose iteratively focuses on a single region under investigation (the focus region r) and the rest of the country h (the second region). The second region is a fictional aggregation of all regions in the country except the focus region and, therefore, its definition changes for every focus region. . For each product g firms are distributed over both regions. Consumers pay a higher price when the buy a product imported from the other region, as transport costs are inevitably larger compared to those of local goods 14 Given the theoretical model, trade from region r to the rest of the country h equal to
Where P is price, n is number of firms, σ is elasticity of substitution and T are iceberg transport costs.
The index g for the product category was omitted to simplify the equations. IX is the production of region r sold to other regions of the same country (intranational exports) and ID is the total demand in the composite region h
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, which is satisfied either by local firms or by the production in other regions of the same country (intranational imports, II).
Mirroring exports, intranational imports of region r from the rest of the country h are:
With homogeneous technology we have that:
with α equals optimal output per variety, which we model to be constant across locations.
Substituting the number of varieties [24] We take the elasticity of substitution σ from the literature where it is commonly assumed to be equal to 1.5 (McKitrick, 1998) . Transport costs are estimated simultaneously with internal trade using nonlinear programming. The values of the transportation costs paramets rh t are determined in the nonlinear optimization, imposing that the national transport costs by product are as close as possible to the national accounts' data on trade and transport margins. We further assume a common transport costs function, which is declining in transported distance). The cross-hauling, equivalent to the intranational trade of a region -is endogenously determined in the procedure.
Since the data on trade and transport margins by product is only available at the national level,the methodology is strengthened by extending the nonlinear optimization procedure with a second objective, based on freight data of the Dutch Ministry of Infrastructure and the Environment (2007).
We derive cross-hauling from freight data as the share of goods staying within regional borders over the goods sold to other regions. The share for services, instead, is calculated as follows 
The correction is based on the relative propensity of exporting services in comparison to goods. Taking all elements together leads to the following nonlinear minimization problem. 16 The explicit functional forms is: and intranational exports (those that go to different regions in the same country).
In the used estimation methodology both the international as well as the intranational trade were distributed simultaneously. This implies that both 'compete' for a destination in the export estimate The procedure followed in the PBL/RT data is based on a combination of two estimates for the international trade between nuts2 regions. The first estimate is based on the export of goods (the destination), while the second estimate is based on the imports of goods (the origin). Both estimates are given a weight of a half and then the quadratic difference between the final trade matrix and the two estimates is minimized. The methodology to determine the two estimates consists of three steps.
All steps can be viewed either from the export or import perspectives of regions.
In the first step the direct flows are determined. These are the traded goods and services that are directly transported from the region of origin to the region of destination without the use of any transshipment location. In this step, the production of every region is distributed over the destination regions. In this trade flow estimation the distribution of intra and inter-national export trade flows are not pre-determined with respect to their destination regions. Only the overall intercountry flows are predetermined. In order to determine direct trade flows from an export perspective, one needs the direct probability 0 , i k P of goods being exported from a region i to a region k .This probability can be described as follows. , 0 , ,
Where 0 , i k P is equal to the probability that a good is transported from i to k without using a transshipment location and , i k T is the data on the amount of goods (or number of trips) transported from origin i to destination k derived from the earlier mentioned survey data of the Dutch ministry of Infrastructure and the Environment. The probabilities for services trade are derived from first and business class ticket information on airline flights (MIDT).
Given the (intranational and international) exports j X that are exported from region j one can describe the direct flows of exports 0 ik X from origin i to destination k in the following way.
Where λ is a fraction of the goods which on average are transported directly (this is 40 percent of the goods). However, in some regions, and especially in transhipment locations, there will be not enough goods imported ( k I ) if compared to the amount of goods exported to these regions. We therefore introduce the following parameter
The exports to an area k is larger than the imports in this area if k Z is positive. In those cases we have to adjust our equation [30] to determine the trade flows as follows.
The two equations [30] and [31] are sufficient to determine the direct trade flows between all regions.
In the second step, the indirect flows are determined. These indirect trade flows are goods and services that use at least one transshipment location when being transported from the producer to the consumer. Again, looking from the export perspective, the probability 1 , i k P that a good is transported from i to k using a transshipment location, the export amount 1 j X which still have to be distributed over the regions of destination and the import amount 1 k I that has still to be imported in the region are calculated as follows.
Where a condition is imposed such that goods cannot be transported back to a region where they have been produced or reloaded. The indirect trade flows for services are now based on a somewhat adjusted probability matrix. This probability matrix is now added with flows to other neighboring regions that do not have an airport based on regional goods trade. 17 Analogue to the direct trade flows one then can determine whether the estimate of the exports using a transshipment location will generate more exports to regions than Imports available in that region.
( )
17 Note that the stepwise procedure does not need to have a full matrix with destinations during every step and not all production has to be allocated in every step. Moreover, since full consumption is enforced in higher order steps it implies that a missing destination in the probability matrix of direct flows is simply filled up in the second step with the second order probabilities. The approach is therefore completely different from a "common" econometric estimation based on a quadratic error to be minimized. It is better to compare the approach to an allocation mechanism distributing production over its possible destinations.
The exports to an area k are larger than the imports in this area if k Z is positive. In those cases the exports are adjusted such that the exports to a region are always smaller or equal to the imports in that region. Indirect trade flows are therefore determined by the following equation.
In the third step the higher order indirect flows are determined. Higher order trade flows are traded goods or services that are transported via one or more transshipment locations before they reach their final destination. Higher order indirect trade flows use multiple transshipment locations transporting goods from the production to the consumption location. The amount of goods that is using these higher order transshipment locations is simply the amount that cannot be allocated using less transshipment location. We therefore use a minimum estimate to the amount of goods using multiple transshipment locations. Using the same methodology as described with the indirect flows, one can describe the higher order probabilities and trade flows by the following set of equations (again from the export perspective):
Any subsequent transshipment location is treated in the same way. The procedure is continued including more transshipment locations until a maximum of 5 transshipment locations. The remaining n k X is bi-proportionally distributed such that all exports match with all imports. Total trade between the regions will be the aggregate over all subsets of trade using n different numbers of transshipment locations. Thus the following equations describing total exports between regions is then in place
After estimating the export trade flows we can perform a similar procedure and get the estimated trade flows from the imports perspective. Thus, we try to find the origin of product consumed in a region instead of finding the destination of product produced in a region.
Minimization of distance between trade estimates
The information gathered in the previous steps resulted in two different estimates of the bilateral trade flows between all European regions including those in the same country. One estimate was derived from the export side and the other estimate was derived from the import side. The final PBL/RT matrix is the one that minimizes the quadratic distance between these two estimates. The purpose of this last step is to bring to consistency between our two estimates of regional bilateral trade
ADDITIONAL INFORMATION FROM SURVEY-BASED REGIONAL SUPPLY AND USE
TABLES Regional supply and/or use tables are available for Scotland and Wales, as well as Italy (five NUTS1 regions), Finland (21 NUTS3 regions) and Spain (15 NUTS2 regions). This additional information has been used as a prior and not as a given constraint to the estimation in the next section because of the following three reasons. First, implementing the regional information as a constraint would automatically allocate all possible errors in the additional regional tables in the regions for which regional information in the same country is lacking. This may cause erroneous results. These errors may be exacerbated for a second reason: there are often definition differences between the "extra" tables at the regional level in comparison to the tables at the national level. This makes the tables only comparable to a certain extent. Third, the regional information does not always coincide with the NUTS2 aggregation level. Using the additional information as a prior is a transparent approach to incorporate different types of information in one estimation. The following adjustments were made in order to make these tables consistent with the WIOD and the regional tables.
In the case of Scotland, Wales and Italy, the regional supply and/or use tables have a more aggregated regional level than NUTS-2. The set of constraints in the minimization procedure was therefore extended. The additional constraint in the case of Scotland, Wales and Italy is that all the estimated elements in the NUTS-2 SAMs add up to the corresponding elements in the more aggregated Scottish, Welsh and Italian 5-region SAMs.
Below, subscript g denotes products and s denotes industries. 18 Subscript k is used to denote the (number of) NUTS2 regions in a particular region. x denotes the value in a given cell in the SAM.
Regional use tables for Scotland are the aggregate of (the use tables for) the underlying Scottish Nuts-2 regions. There are four NUTS-2 areas in Scotland. 19 Hence, k = 4.
The Welsh In order to create a time series of regional supply and use tables we first put all the tables in coefficients (percentages of row and column totals). These coefficients are being used in the regionalization method described below. We also calculated the change in these coefficients on the national level for all years between 2000 and 2010. We used these national changes in the coefficients to change the regional coefficients to obtain a time series of regional supply and use tables expressed in coefficients.
Multiplying these coefficients with the regional totals for the years 2000-2010 gave us the regional supply and use tables for these years.
THE CONSTRUCTION OF INTERREGIONAL SUPPLY AND USE TABLES FOR THE YEARS 2000-2010
Taking the regionalized supply and use tables and the PBL regional trade data as a prior, the interregional supply and use tables are estimated for the years 2000-2010 using a constrained nonlinear minimization procedure. The objective function in the non-linear optimization minimized the quadratic distances between the coefficients of the regional SAM matrix in relation to the coefficients of the national SAM matrix given regional data on value-added, fixed capital formation and household demand. A quadratic minimization function was preferred over a logarithmic function (often used in entropy minimization, e.g., Thissen and Lofgren, 1998) because of its mathematical properties that made it possible to solve the problem using conic programming which reduces computation time dramatically and made it possible to solve such a huge mathematical optimization 20 See the table in the annex.
problem (mosek linear programming package).The optimization was constrained in such a way that all cells of the regional supply and use tables add up over the regions to the national cells presented in the WIOD supply and use tables. Moreover, by imposing the constraint that all exports of a region should be equal or smaller than production it is not possible to have regional re-exports.
The size of the constrained non-linear minimization problem is such that the procedure is best solved in two consecutive independent steps. In a first step, domestic trade and international trade from regions to countries was determined. In this step also the regional supply and use tables were determined. The second step involved subdividing the international trade from European regions to countries into trade between regions. Throughout this process, all normal consistency rules were applied, so that the amount of products exported from one region to another (destination) region or country would equal the amount imported into that destination region or country from that particular region of origin. Re-exports were not allowed on the regional level. The methodology for constructing the updated data set is outlined in more detail in the next sections.
INTERREGIONAL SOCIAL ACCOUNTING MATRIX (SAM)
For the sake of convenience, the supply and use data were first entered into a social accounting matrix (SAM) framework (SNA, 1993; . Using such a complete national accounts framework in matrix format, has the advantage that all consistency checks can be performed immediately. Thus, the imported amount of products into region B from region A is, per definition, exactly the same as the exported amount of this product from region A to region B, as this amount is recorded in only one position in the matrix. In general, valuations in a SAM are in nominal terms. Its rows and columns list institutional agents or actors. The matrix shows the flow of goods between actors, from row to column, balanced by an opposite flow of money from column to row. The SAM framework also illustrates the methodology used. When additional information is used to update or improve the SAM matrix overall consistency enforces changes in different parts of the SAM matrix. Thus, a change in regional coefficients derived from regional supply and use tables induces changes in coefficients in other regions to keep the requirement that national coefficients do not change, and affect trade to guarantee that regional use matches the amount of goods supplied in the region. In all these cases we minimize the change in the structure of the matrix based on information available and More recent information was used from national and regional accounts to impose requirements that had to be met while minimizing any structural distance to the elements of the matrix on which no new information was available. Changes in regional demand or production have a direct impact on regional trade here, because what is exported must be produced and what is imported should represent demand. This minimization of the structural distance is applied by keeping the changes in the relative numbers of the matrix to a minimum. The consistency of the system of national and regional accounts in a SAM framework, therefore, provides a large amount of information on regional trade developments. four columns of the SAM. The production of these products is presented on the top 4 rows of the SAM. Total production in these sectors is provided in the last column on the right. In the bottom two rows one finds the total value-added which is an aggregation of both labour and capital income. International trade takes place at the product level and is divided over different types of use. The use of the final demand categories is presented in the last two columns of the SAM. The use by the different producing sectors is presented in the first two columns. Thus, Region 1 exports a total of 3 units of product 2 to Region 2, 2 of which are used by Sector 2 and 1 unit is used by the final demand categories. The final demand for goods per region does not equal the total value-added earned in that same region. Only when interregional savings would be specified in the transfer part of the SAM these would be equal. In the SAMs that were applied, the transfer part was not specified because information on these flows was lacking and also not needed for the updating procedure. In the stylised presentation of the SAM, therefore, all value-added rows and all final demand columns were added to obtain equality between total value-added and total final demand. All other rows add up to the same respective columns representing the bookkeeping rules that for every actor total expenditure should equal total income.
The regional SAMs used for constructing EUREGIO distinguish the 14 industry categories presented in Table 3 , and the non-Industrial actors and other accounts presented in Table 4 . Products are classified according to the 2-digit Classification of Products by Activity (CPA, 1996) presented in Table   5 . There is a total of 62 goods and services in CPA 2002. Yet, products with numbers 96, 97 and 99
(goods produced by households for own use, services produced by households for own use and services provided by extra-territorial organizations and bodies) are not included in the supply and use system of accounts, reducing the total number of products analyzed in this study to 59.
INTRANATIONAL TRADE AND EXPORTS OF REGIONS
First, constrained non-linear optimization is used to determine the trade of regions with regions within the same country (intranational trade), and the total exports and imports (international trade) of these region. The destination of the exports and the origin of the imports are determined in the second step discussed in the next subsection. Please note that these two steps are completely independent because of the given bi-country trade matrix which is imposed as a constrained on the non-linear optimization problem.
Equation [43] shows the constrained non-linear quadratic minimization problem to be solved to estimate the intranational trade and associated regional coefficients of the SAM matrix. The function describes how new information is used to find updated matrices, given the growth in production and demand indicated in the national and regional accounts. In general, the change in the structure of the demand, supply and regional trade pattern was minimized, given new information on for instance regional value-added and international trade. The regionalization is based on region-specific coefficients. This procedure is very different from the commonly applied commodity balance method (Isard, 1953) . The complete minimisation problem can be described in a simplified form as follows.
Where the index i stands for the region, regions that are part of the region ' i . In equation [43] we therefore describe the minimization only by presenting the relative errors. In the actual minimization we use the methodology developed in Thissen et al. (2013) and explained in Appendix B to minimize the weighted average of both the absolute and relative error.
For matters of convenience, the summation over the elements of the SAM matrix were left out. The SAM matrix is aggregated for all the imports from regions and countries except the regions from the own country. Thus in this first step of the procedure only the domestic trade and non-trade coefficients of the regional SAM matrices are determined. The international trade is determined in the second step of the procedure. Since national trade is predetermined this first step in the procedure was done for all countries separately.
The constraints on the objective function
The objective function was constrained to generate outcomes conform the regional and national accounts in WIOD. Moreover, a non-negativity condition of trade flows was added to the procedure.
Below, all constraints used are discussed along with the information they contain.
1. All elements summed over all regions in a country add up to the same elements in the national WIOD-based SAM. This constraint guarantees that the regional SAMs are completely compatible with the WIOD database.
2. All products sold by an economic agent are received and paid for by another economic agent.
This bookkeeping rule was adhered to by imposing the equality of all row and column totals of the SAM for all activities (classified according to industry) and products.
3. Information was available on regional value-added for the distinguished industries. Valueadded of the sectors in the regions was therefore fixed.
4. Information was available on regional total household demand and regional total gross fixed capital formation. These items have therefore been fixed also in the procedure.
5. Finally, a 'no re-export' constraint was applied to ensure that production would always exceed exports, for every region and product. Please note that this constraint should be imposed on the product level and not on the industry level.
Solving the minimization problem under these constraints resulted in the update of the regional SAM, including domestic trade from the year 2000 to the year 2010.
INTERNATIONAL TRADE BETWEEN REGIONS
The first step of the procedure, described above, yields estimates of the total international trade as an export or import column of the regional supply and use tables). These international trade flows were subsequently divided into regions of destination and regions of origin, resulting in a full regional origin-destination matrix. No additional information was available on these trade patterns, except the international trade between countries from the WIOD database and the regional trade from the PBL/RT data. Constrained non-linear quadratic optimization was used to combine this information with existing total exports and imports for the different regions to determine the final panel data on trade between NUTS2 regions for the 2000-2010 period. The following objective function was used in this second step in the estimation of the supply and use tables: Im were taken from the first step in the procedure.
In this second estimation that determines the international trade flows between regions, contrary to the first step, only absolute quadratic errors are minimized. The reason for only using absolute errors is related to the numerical properties for the problem at hand. The international bi-regional trade flows are often very small numbers. This is aggravated by using estimated trade flows from the PBL trade database that are usually even smaller with very few zero's. A relative error would put a strong emphasis on these small numbers. However, a trade flow of a value of, for example, 10 eurocents is far less reliable than a trade flow of 10 million euro. As a consequence using relative errors in the estimation of these regional international trade flows would result in erroneous results
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REGIONAL IO TABLES
After the estimation of regional supply and use tables it is a relatively easy step to create regional IO tables. Moreover, consistency of these IO tables is guaranteed because the supply and use tables are fully consistent with the trade linked WIOD database and have equal row and column totals. The preferred method D (Eurostat, 2008) was followed to determine the IO tables. Although there is a substantive amount of literature on the choice of methods to determine IO tables from supply and use tables, choices were here partly driven by the available data. Our supply and use tables are nonsquare, i.e. the number of products is not equal to the number of sectors. As a consequence the majority of methods that involve the inverse of either the supply or the use table cannot be used in our case. Moreover, the method used was also used in the construction of the WIOD IO tables, strengthening the comparability of both tables.
CONCLUSION
In this paper we showed how the EUREGIO database of consistent European interregional IO tables at the NUTS2 regional division level over the years 2000-2010 is constructed. The longstanding need for consistent interregional input-output (IO) tables mentioned in the introduction (e.g., Isard, 1953; Hewings and Jensen, 1987) resulted already in an extensive use of the EUREGIO database in studies coverings several subfields in regional economics.
The first use of the database is based on the analysis of spatial revealed competition, identifying regional economic competition structures and their policy implications (Thissen et al. 2013 , Van Oort et al., 2017 ). This research was followed by a dynamic analysis of spatial competition making use of a spatial growth decomposition method (Thissen et al. 2016a ). This research uses the EUREGIO database in a spatial econometric estimation of a regional growth model. More recently the EUREGIO database starts being used in different econometric analysis such a panel data analysis to determine the economic effects of Brexit (Baltagi et al., 2017) .
The EUREGIO database is especially equipped to be used in structural modelling that addresses regional trade issues. It can be directly used in multiregional Input-Output analysis such as done in Los et al. (2017) or value chain analysis using a hypothetical extraction directly on the database (Chen et al., 2018) . These studies both used the EUREGIO database to analyse the short run effects of the Brexit on European regions (Los et al., 2017) , and value chain analysis using hypothetical extraction to determine the exposure of European regional economies to Brexit.
Extending these demand driven IO models with a supply side in supply and use modelling was done in Koks et al. (2016) addressing the regional spillover effects of flooding. In CGE models prices are introduced as equilibrating mechanism to equal regional supply and demand. The EUREGIO database was also central in the European Commission's regional CGE model (Mercenier et al. 2016) where the use of the data in this model is discussed in Thissen et al (2014) .
These studies shed new light on recent policy-relevant phenomena, and by using the EUREGIO database they are able to explicitly take into account both differences in regional specialization and multiregional supplier-user linkages.
APPENDIX A: COUNTRIES, REGIONS AND PRODUCT CATEGORIES IN THE DATA SET
This appendix gives an overview on the countries, regions and products covered by the EUREGIO dataset. The dataset also covers the trade of the distinguished European regions with the rest of the world.
A.1 Countries
This rest of the world has been split up in main economic countries and groups of less important countries. These extra Europe trading partners are given in the Table 2 . The EUREGIO dataset follows the NUTS2 regional classification for the EU. The classification distinguishes 256 European Nuts2 regions. Details are given in Table A3 and Figure A1 . Trade between European regions is detailed at the product level. Export and imports flows are divided according to the 2-digit Classification of Products by Activity (CPA 1996) , which is the system used by Eurostat to publish comparable national accounts of European countries. Table 4 summarizes the product classification. 
